Abstract -Extensive evidence is presented which conclusively shows that variable hybridisation is a simple, pictorial and very useful model of covalent bonding. The noninteger hybridisation parameters calculated by the iterative maximum overlap approach are very rich in chemical information. They can be successfully correlated with a number of physico-chemical gross molecular properties which encompass heats of formation, heats of hydrogenation, strain energies etc. They reflect also local properties like spin-spin coupling constants across one bond, C-H stretching frequencies, thermodynamic proton acidities, intrinsic bond energies etc. In addition, the iterative version of the maximum overlap method provides quite reliable estimates of molecular shapes and sizes. Properties which are completely determined by molecular geometry such as diamagnetic contributions to the magnetic susceptibility and nuclear magnetic shielding are well reproduced being in nice agreement with experimental data and rigorous ab initio results.
INTRODUCTION
Pauling's idea about the mixing of pure atomic orbitals (Ref. 1 ) is one of the most important single contributions to the quantum theory of covalent bonding. The local hybrid orbitals reflect two most important features of the charge reorganisation accompanying molecular formation: (a) charge build-up in the regions between the bonded atoms and its decrease in the rest of the space, and (b) directional properties of covalent bonding which lead to wonderful molecular architecture. The hybrids also have sufficient flexibility to describe two additional properties:
(c) contraction of orbitals in the bonding direction and (d) intramolecular charge transfer, which is achieved by changing the screening factors of the hybrid orbitals and by varying their occupation numbers, respectively. It is clear that local hybrid orbitals give a simple intuitive physical picture of chemical bonding and many outstanding scientists including Slater (Ref. 2) , Coulson (Ref. 3) and Mulliken (Ref. 4) have discussed their interpretative power. A posteriori, we can say that variable hybridisation is capable of describing a large number of molecular properties which are related to coupled electron pairs. They are particularly useful if a trend of changes along the series of related compounds is desired. In principle one can determine hybridisation parameters in an ab initio fashion minimizing the energy of a molecule. However, to keep the model as simple as possible other criteria are needed. One of such procedures is described below.
THE ITERATIVE VERSION OF THE MAXIMUM OVERLAP METHOD
The hybrids involving mixing of s and p atomic orbitals are of a form:
where A denotes the host nucleus. The hybridisation parameters are sometimes determined by the local symmetry. However, if the latter is low, one can em-308 z. B. MAKSIC ploy the maximum overlap criterion discussed by Pauling (Ref. 8) and others. In our approach (Refs. 9, 10) , the weighted maximum overlap concept is adopted SW = : kAB 5AB (2) where the summation goes over all bonds in a molecule. It should be mentioned that the number of empirical weighting factors kAB is kept at minimum. They differ only in widely different chemical bonds. Thus in hydrocarbons two parameters kcc and kcH are employed. In addition, the following plausible constraints are imposed: (a) hybrids placed on the same nucleus are orthogonal (b) perfect orbital following for all C-H and acyclic C-C bonds is assumed. The early applications of the weighted maximum overlap method were based on the use of standard bond distances (Refs. 9, 10) . This is not quite justified because it introduces unnecessary bias in the calculation since "standard" bond distances are somewhat arbitrary particularly in strained systems. Therefore a procedure capable of providing reasonable estimates of molecular geometries was highly desirable. It was found in the form of the iterative maximum overlap method (IMOM) . The backbone of the iterative procedure consists of conditions (c) and (d) (c) the bond-orbital overlaps are forced to be consistent with bond distances calculated by the predetermined linear relations of the type:
the efect of the ¶-electron delocalization is taken into account by the Lykos-Schmeising (Ref. 8 ) maximum overlap molecular orbitals approach according to the empirical formula d (AB) = -0.266 P S (4) where P and S are bond orders and bond overlaps of the mobile -rr_ -electrons. Subscript c and superscript 11 refer to the correction caused by T -electrons. The resulting hybridisation and structural parameters are obtained by the iterative procedure. One starts the calculation with an arbitrary set of internuclear distances and optimizes the sum of weighted overlaps (2) . Then a new array of bond distances is deduced from the linear relations (3) corrected perhaps by the formula (4) if 11-electrons are present. The whole procedure is repeated until full consistency, compatible with preconceived tolerance, is attained. More detail can be found elsewhere (Ref 5. 11, 12) RESULTS AND DISCUSSION Hybridisation The calculated hybrid orbitals have some remarkable features. Their deviation angles from the straight lines joining neighbouring nuclei are as small as possible. Furthermore, optimal overlapping is attained when deviation angles of two coupled hybrid orbitals assume the same value (Ref. 13 ) . The same conclusion holds for their s-characters (Ref. 14) . Thus a pair of strongly overlapping hybrids tend to achieve similar deviation angles and s-characters. Another striking feature of the variable hybridisation model is that mixing parameters generally take noninteger values. Canonical sp3, sp2 and sp1 hybridisation states are more an exception than a rule. For example, the hybrid orbitals for CH and CC bonds in acetylene are of the sp125 and sp°8° composition, respectively. Similarly, in ethylene they assume the form of sp2'16 and sp172 again for CH and CC bonds respectively. These two molecules illustrate rather nicely the flexibility of the variable hybridisation to conform to local symmetries of atoms in chemical moieties. Intermediate hybrid compositions are most frequently found in strained cyclic and polycyclic molecules. In such cases hybrid orbitals exhibit large deviation angles forming well known bent bonds (Ref s. 15, 16), a fact which has a number of important chemical consequencies to mention only strain (vide infra). The hybrid orbitals are to a high degree transferable if a given fragment is repeated in a series of molecules. This feature can save a lot of computational effort when complex Variable hybridisation -a simple model of covalent bonding 309 systems are considered. Sometimes the calculation is not even necessary if the hybridisation parameters of similar compounds are known. It should be strongly pointed out that hybridisation parameters do not have an absolute meaning, because their particular values depend on the method employed. However, if the same method is consistently applied, then a meaningful picture emerges. A large number of molecular properties can be correlated with the hybridisation parameters yielding results which are generaly in good accordance with experimental findings. Thus hybridisation is a useful index of covalent bonding which is valid within the framework of the adopted theoretical model. Some of these correlations are discussed in the following sections. In particular, we shall consider energetic, structural and some magnetic properties of hydrocarbons.
GLOBAL MOLECULAR PROPERTIES
Heats of formation The standard heat of formation Hf of a compound AmBr is defined as the change in heat content for the synthesis from the corresponding elements Table 1 . The quality of the correlation is quite good 
The estimated strain energies (ref s. 14, 20) for some three and four membered ring compounds are presented in Table 2 . Since the strain energy is ob- Table 3 are in fine agreement with experimental data and/or ab initio results. It is interesting to mention in passing by that the "neutral atom approach" implied by the formula (7) works well even in heteroatomic molecules (Ref. 30 ). The effect of intramolecular charge transfer should be taken into account only if atoms of highly different electronegativities are involved, e.g. alkali halides (Ref. 31) . A survey of the data in table 3 shows that Langevin's diamagnetism is easily calculated by pencil and paper in a satisfactory manner if molecular geometries are known. Comparison of diamagnetic contributions to magnetic susceptibilities of some hydrocarbons as calculated by the IMO method employing formula (7) Table 4 for the sake of illustration. 
LOCAL MOLECULAR PROPERTIES
The coupled-hybrid-orbitals model described above is the simplest form of the VB method. It is, therefore, not surprising that variable hybridisation reflects a number of local properties which will be only briefly discussed due to the limitation of space. More details can be found in the original papers.
Intrinsic bond energies may be considered as a local property because the effect of the molecular relaxation upon the bond rupture is excluded (Ref. 45) or at best as a convenient transformation of the basis set which can be possibly used for interpretative purposes. This common fallacy is a consequence of the invariance of the MO Slater determinants to all orthogonal transformations. In this connection it is worthwhile to mention that one can define s-character-like quantities even within the MO framework (Refs. 46, 47) More importantly, as we have conclusively shown, noninteger hybridisation is a simple VB model of covalent bonding capable of rationalizing a large body of molecular data. Since it is efficient and conceptually appealing it is not obsolete or outmoded. On the contrary, we feel quite confident that forthcomming semiempirical methods will be based on suitably orthogonalized hybrid basis sets (Refs. 48, 49) 
